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Glioma-expressed antigen 2 (GLEA2): a novel protein that can elicit immune
responses in glioblastoma patients and some controls
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SUMMARY

Glioma constitutes the most frequent brain tumour in man with glioblastoma as the most prevalent and
malignant type. The average survival time of less than 16 months underlines the need for improvements in
diagnosis and therapy. Here, we report the identification of a novel antigen termed glioma-expressed
antigen 2 (GLEAZ2) causing a frequent immune response in glioma patients. Screening of 450 000 clones
from a glioblastoma lambda zap expression library with autologous patient serum revealed a group of five
serum-positive clones sharing a high sequence homology. Further sequence analysis showed a sequence
homology to a hepatocellular carcinoma associated antigen 58 (HCAS8). We localized the novel HCA
homologous gene termed glioma-expressed antigen 2 (GLEA?2) on chromosome 20 by somatic cell hybrid
panel mapping. Using allogenic sera from 39 glioblastoma patients, we found an immune response against
GLEA2 in 17 patients (43%). In addition, screening with allogenic sera from other glioma patients
revealed GLEA2 directed antibodies in two out of five pilocytic astrocytomas and in one out of two
astrocytomas. Unrelated tumour sera revealed no immune response and sera from healthy persons showed
an immune response in two out of 14 cases (14%). Northern blot hybridization and RT-PCR showed
ubiquitous GLEA2 gene expression in glioma and normal tissues. The novel HCA homologous gene,
GLEAZ2, appears to induce a frequent immune response in glioma. In the light of the lack of useful glioma

markers, it appears reasonable to consider GLEA?2 as a potential future diagnostic marker.
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INTRODUCTION

Astrocytomas are the most common neoplasms of the central
nervous system comprising more than 60% of primary brain
tumours. Glioblastoma multiforme (GBM) is the most malignant
of these tumours with an average survival time of less than
16 months and a five-year survival time of approximately 5% [1].
Cytogenetic and molecular genetic studies have permitted first
insights into the complex genetic changes that are involved in the
initiation and progression of human glioma [2]. The genetic
alterations include gains and losses of partial or entire chromo-
somes indicating several tumour suppressor genes and oncogenes
interacting in glioma development [2,3]. The p53 gene is the most
frequently mutated tumour suppressor gene, and the EGFR gene is
the most frequently amplified gene in astrocytic tumours [4,5].
However, as yet cytogenetic and molecular genetic studies have
not unambiguously identified specific genetic aberrations as
markers for the clinical behaviour of glioma.

There are numerous glioma-associated antigens, which are
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characterized by a differential expression in glioma versus normal
cells. The majority of the glioma-associated antigens, however,
have been found to be of minor therapeutic and diagnostic utility
(for review see [6]). Until recently, several studies focused on the
identification of tumour antigens that induce an immune response
in the patient [7]. For several oncogenes, antibody responses have
been demonstrated in tumour patients including antibodies against
the c-myc protein in colorectal carcinoma patients, c-erbB2 in
breast carcinoma patients and c-myb in patients with lymphoma
[8—10]. Recent studies revealed antibodies against proteins other
than oncogene proteins, including the eukaryotic translation
initiation factor 4gamma in lung carcinoma and a novel
hyaluronidase in meningioma [11].

Here, we report the cDNA cloning and the characterization of
a novel antigen which is expressed in glioma and which induces
an immune response in more than 43% of all glioma patients.

MATERIALS AND METHODS

CDNA library construction
cDNA was synthesized from poly(A) mRNA of a primary
glioblastoma multiforme using oligo dT primers. Second strand
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synthesis was performed according to the manufacturer’s instruc-
tions (Stratagene). Following EcoRI adapter ligation and digest
with Xhol, the cDNA fragments were size fractionated with
Sepharose CL-2B columns and cDNAs > 0-6 kb in length were
ligated into ZAP Express™ vector. Packaging was done using
Gigapack III Gold packaging extract from Stratagene. The library
was amplified once prior to cDNA library screening.

Immunoscreening with patient serum
Blood samples were taken prior to surgery. Serum was isolated
from 10 ml blood samples by using serum gel monovettes and
stored by — 75°C. Preabsorption of serum with sonicated E. coli
XL1 blue MRF’ cells and bacterial cells lysed by a nonrecombi-
nant Zap Express phage was done as described by Heckel et al.
1997 [12]. The final concentration of the serum was 1 : 100 in
1 x TBS, 0-5% (w/v) dry milk and 0-01% thimerosal.

Phages were transfected into E. coli XL1 blue MRF' cells at
a density of 8000 phages per agar plate (@14-5 cm) and
incubated at 42°C for 4-5 h until phages become visible. Fusion
protein expression was induced by applying Duralose UV™
membranes (Stratagene) soaked in 10 mm IPTG on the agar
surface. After an additional incubation for 4 h at 37°C, the plates
were stored overnight at 4°C. Membranes were removed, washed
twice for 15 min in 1 x TBST and blocked with 5% (w/v) dry
milk in 1 x TBS, for 1 h. Following three wash steps for 10 min
in 1 x TBS the membranes were incubated with the preabsorbed

and diluted patient serum for 3-5-4 h. Unbound serum
antibodies were removed by three washing steps in 1 x TBS
for 10 min each and bound serum antibodies were detected with
goat antihuman IgG antibodies conjugated to alkaline phospha-
tase (Dianova) diluted 1 : 5000 in 1 x TBS containing 5% dry
milk followed by incubation in NBT/BCIP colour-substrate
solution.

Sequencing and sequence analysis

Plasmid DNA was isolated for sequencing using the Qiagen-Mini
kit. Sequencing was performed using vector specific primers close
to the cloning site (T7-vector site: 5 ACC CGG GTG GAA AAT
CGA TGG 3/, T3-vector site: 5/ ACA AAA GCT GGA GCT
CGC GCG 3’). Sequencing reactions were run on an ABI
automated sequencer 373 A for 14 h. Sequence comparison was
performed using BLASTN and BLASTX algorithms.

PCR localization of GLEA2 using somatic hybrid panel DNA

PCR was performed on human genomic DNA isolated from
peripheral blood, hamster DNA, mouse DNA, two monochromo-
somal somatic hybrids (NA10791 containing human chromosome
7 and NA10478 containing human chromosome 20) and three
polychromosomal somatic hybrids (NA09927 containing DNA
from chromosomes 1, 2, 3,4, 6,7, 8, 10, 13, 4, 15, 17, 18, 19 and
20; NA09928 containing DNA from chromosomes 2, 3, 5, 6, 8,
10, 13, 14, 15, 17, 19, 21, 22 and Y; NA09931 containing DNA

(a)
bp 0 22 98 935 1728 1747
|
GLEA2 GTCG |ATG CC-AA t----}
HCAB8 r--GTCG |ATG ccCaA
start +1bp insertion

(b)

GLEA2

1-1728 bp

RP5-1121G-12
1376-3131 bp

predicted cDNA

DKFZp434F0272
2933-5878 bp

open reading frame 3'UTR
98-3147 bp 3148-5878 bp
I | | | | |
0 bp 1000 bp 5000 bp

Fig. 1. (a) Sequence comparison between GLEA?2 and the hepatocellular carcinoma associated antigen 58 (HCAS58). The single nucleotide
insertion is indicated. (b) Predicted partial cDNA sequence of the GLEA2 gene combining sequences GLEA2, RP5-1121G-12 and

DKFZp434F0272. The resulting open reading frame is indicated.
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1 MTKHPPNRRG ISFEVGAQLE ARDRLKNWYP AHIEDIDYEE GKVLIHFKRW NHRYDEWFCW
61 DSPYLRPLEK IQLRKEGLHE EDGSSEFQIN EQVLACWSDC RFYPAKVTAV NKDGTYTVKF
121 YDGVVQTVKH IHVKAFSKDQ NIVGNARPKE TDHKSLSSSP DKREKFKEQR KATVNVKKDK
181 EDKPLKTEKR PKOPDKEGKL ICSEKGKVSE KSLPKNEKED QGNISGNDRE YSGDAQVDKK
241 PENDIVKSPQ ENLREPKRKR GRPPSIAPTA VDSNSQTLQP ITLELRRRKI SKGCEVPLKR
301 PRLDKNSSQE KSKNYSENTD KDLSRRRSSR LSTNGTHEIL DPDLVVSDLV DTDPLQDTLS
361 STKESEEGQL KSALEAGQVS SALTCHSFGD GSGAAGLELN CPSMGENTMK TEPTSPLVEL
421 QEISTVEVTN TFKKTDDFGS SNAPAVDLDH KFRCKVVDCL KFFRKAKLLH YHMKYFHGME

481 KSLEPEESPG KRHVQTRGPS ASDKPSQETL TRKRVFASSP TTKDKEKNKE KKFKEFVRVK

Fig. 2. Predicted amino acid sequence of GLEA?2 protein. Basic amino acids are shown in bold letters.

from chromosomes 5, 7, 10, 12, 14, 17, 20, 21 and Y). Primer peripheral blood and genomic DNA from mouse or hamster cell
sequences were as follows: for-5’GCT GGG CTT GTC TGA lines, respectively.

AGC T3’ and rev-5'ATG GAA TGG AGA AGT CAC TGG 3'.

PCR was done for 26 cycles with 1 min denaturation at 94°C, 45° Northern blot analysis

annealing at 58°C, 45> extension at 72°C using 100 ng of genomic Total RNA from frozen tissue samples were isolated using the RNA
DNA from somatic hybrids, genomic DNA from human isolation kit from Stratagene. Fifteen micrograms of RNA from
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Fig. 3. Chromosomal mapping of GLEA2 gene on human chromosome 20 using somatic hybrid DNA. 100 ng of human genomic DNA,
mouse DNA, hamster DNA and DNA from the somatic cell hybrids were amplified by PCR for 26 cycles at 58°C. The expected PCR
product of 100 basepairs was detected in human genomic DNA, DNA from hybrid NA10478 containing human chromosome 20 and DNA
from polychromosomal hybrids NA09927 and NA09931 both of which containing chromosome 20.
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Fig. 4. Results of immunoscreening using autologous patient serum (a) and heterologous sera from patients with glioma of different grades
(b1-3).Phage recombinants are plated at a density of 8000 phages per agar plate (@14-5 cm) and hybridized with preabsorbed patient serum.
A secondary antibody detected complexes of antigens with antibodies in the serum. Positive clones were isolated and subjected to a second
round of screening. The immune response against enriched GLEA?2 clones is demonstrated in the lower left part of each figure. The upper
right part of each figure shows the hybridization of patient serum against the total library. GBM: Glioblastoma multiforme; AA:

astrocytomas; PA: pilocytic astrocytomas.

normal brain and glioblastoma samples were run to a 1%
formaldehyde gel and blotted on nylon membrane (GeneScreen).
Hybridization was carried out in 500 mm phosphate buffer (pH 7-2)
as described previously [13]. Insert DNA (50 ng) was labelled with
P_dJATP by the random primer method of Feinberg and

Vogelstein, 1984 [14].

RESULTS

A cDNA expression library was established from a glioblastoma

multiforme WHO grade IV. In brief, enriched mRNA was reverse
transcribed into cDNA, inserted into the Zap Express™ expres-
sion vector and expressed in Escherichia coli cells. Recombinant
proteins were screened with autologous patient serum to identify
antigen—antibody complexes, which are indicative of an immune
response against tumour-expressed antigens. Positive clones were
isolated and subjected to a second round of screening with the
autologous serum. In total, 450 000 clones were analysed in the
first screening with autologous patient serum. The second
screening and subsequent sequencing of the positive clones
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Table 1. Immune response against GLEA2 protein in glioma grade I-IV
and oligoastrocytoma

Table 2. Immune response against GLEA2 protein in glioma versus
unrelated tumours and healthy persons

Tumorsera Positive reactions

Glioblastoma multiforme grade IV 17/39 (43%)

Anaplastic astrocytoma grade III 172 (50%)
Astrocytoma grade 11 0/3 (0%)
Oligoastrocytoma grade II 0/1 (0%)
Pilocytic astrocytoma 2/5 (40%)

Sera Positive reactions
Glioma 20/50 (40%)
Unrelated tumours and healthy persons 2/22 (9%)
Meningioma 0/5 (0%)
Squamous cell lung carcinoma 0/3 (0%)

Healthy persons 2/14 (14%)

revealed a group of five clones that shared high sequence
homology. The clones ranging in size from 1.9 kb to 2-4 kb
represent a gene that was termed glioma-expressed antigen 2
(GLEA2/AccessNo AF258787). Sequence comparison performed
by BLASTN revealed high homology to the hepatocellular
carcinoma associated antigen 58 (HCAS5S8). We found sequence
identity to HCAS8 except for a single nucleotide change
disrupting the open reading frame (Fig. 1a). Further BLASTN
analysis revealed an overlap to a predicted cDNA from the
genomic clone RP5-1121G-12 and the latter revealed an overlap
to a cDNA clone designated DKFZp434F(0272. Combining those
three sequences results in in the partial cDNA sequence for the
GLEA2 gene as shown in Fig. 1b. As determined by BLASTX,
the predicted amino acid sequence revealed a 36% similarity to a
zinc finger motif. The N-terminal region of the protein has a high
content (12%) of the basic amino acid lysine (Fig. 2).

Since numerous chromosomal deviations have been described
in glioblastoma, some of which have been associated with tumour
progression, we determined the chromosomal location of GLEA2
gene. Somatic hybrid mapping with a panel of monochromosomal
and polychromosomal cell hybrids localized the GLEA2 gene on
chromosome 20 (Fig. 3). These results have been confirmed by
recent results from the Sanger Center Chromosome 20 Mapping
Group. GLEA2 shows a 100% homology to the exons of the
clones RP-90108 and RP5-1121G12 localized on chromosome
20q11.1-11-23. There is circumstantial evidence that chromo-
some 20 bears specific genomic alterations associated with glioma
development [15].

To further evaluate the involvement of GLEA2 in the immune
response of glioma patients, the clone GLEA2 was screened with
allogenic sera from 39 glioblastoma patients. We found an
immune response against GLEA2 protein in 17 of these patients
(43%), making GLEA2 one of the few antigens known to elicit a
frequent immune response in glioblastoma patients. Examples of
the serum screening experiments are shown in Fig. 4. There was
no obvious correlation between histopathological or clinical grade
and the immune response to GLEA2. Survival time was only
known for five of the tested glioma patients. For these cases we
found no correlation to the GLEA2 immune response. In addition
we did not find a correlation of the humoral GLEA?2 response
between patients with de novo and secondary glioblastoma.

Using allogenic sera from other glioma patients we found
antibodies against GLEA2 protein in two out of five sera from
patients with pilocytic astrocytomas and in one out of two patients
with astrocytomas grade III (Fig. 4b2 and b3). Results from the
screening with allogenic sera from glioma patients were
summarized in Table 1. As controls, we used 22 sera from
patients with unrelated tumours and from persons with no obvious

disease. These results were summarized in Table 2. The frequency
of GLEA?2 antibodies in sera from glioblastoma patients is 43%
and significantly higher than the frequency of the immune
response against GLEA2 protein in the control sera (14%) from
healthy persons.

To analyse the expression of the GLEA2 gene, we performed
Northern blot hybridization using RNA from glioblastoma and
anaplastic astrocytoma. As a control, we included RNA from
different normal human tissues in the same Northern blot
experiments. GAPDH was used for normalization. Except for
glioblastoma 154, we found GLEA?2 gene expression in all tissues
tested (Fig. 5b).

The transcript size was 7-0 kilobases in normal tissues as well
as in glioma tissues. Variations in the molecular size of the
GLEA2 transcripts detected in stomach, placenta, brain and
glioblastoma samples were caused by loading variations and do
not reflect GLEA?2 isoforms. These data were consistent with the
results of a multiple tissue Northern blot experiment also showing
ubiquitous GLEA2 gene expression, with muscle tissue having the
strongest expression (Fig. 5a). Unfortunately, there was not
sufficient RNA for Northern blot hybridizations of those tumours
that were derived from patients recruited for the serum analysis
including the original glioblastoma that was used to establish the
expression library. The expression data were corroborated by RT-
PCR analysis showing GLEA2 gene expression in glioma and
normal tissues (Fig. 5c¢). The expression data demonstrate that the
immune response against GLEA2 is not associated with an
overexpression of GLEA?2 transcripts and is likely to result from a
different mechanism as discussed below.

DISCUSSION

In our study, we report a novel glioma-expressed antigen that
induces an immune response in more than 43% of all patients. The
novel antigen showed a homology to the hepatocellular carcinoma
associated antigen, which was recently reported. Unfortunately,
for the time being no further information is available about the
nature of this gene and its possible role in hepatocellular
carcinoma. As for the potential function of the GLEA2 protein,
the predicted amino acid sequence contains a high percentage of
basic amino acids, which has previously been associated with
DNA binding properties of the CTF transcription replication
factor [16].

There are only very few antigens that cause an immune
response with comparable frequency in glioma patients, specifi-
cally in patients with low grade glioma [6,17]. A well-known
example for an immunogenic antigen in glioma is a deletion
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Fig. 5. GLEA?2 expression in RNA from normal tissues and gliomas. (a) Human multiple tissue Northern blot for GLEA?2 (upper panel) and
GAPDH (lower panel). (b) Northern hybridization using a GLEA2 specific probe (upper panel) and a GAPDH probe (lower panel). (c) RT-
PCR using GLEA?2 gene specific primers (upper panel) and GAPDH specific primers (lower panel).
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variant of the epidermal growth factor receptor (EGFR) which is
frequently overexpressed in glioma. EGFR has been suggested as
a target for therapeutic intervention [18,19]. Likewise, recombi-
nant antibodies with high tumour specificity could be designed
against GLEA?2 protein. The high frequency of immune responses
in glioma patients may lend this gene for monitoring disease and
indicating prognosis. However, the immune response in indivi-
duals without obvious tumour formation has to be understood
prior to using GLEA2 as a marker or even a target for therapy.
The results from these normal control sera experiments have to be
interpreted cautiously without having any information about a
possible disease history of the donors. In addition, screening
tumour-expressed antigens with a high number of normal sera
frequently reveals immune responses at low frequencies in normal
sera as indicated by our preliminary studies (data not shown).

A variety of mechanisms have been discussed that may cause
an immune response against tumour antigens, including over-
expression, nucleotide changes of the gene and post-translational
modifications of the protein. Our expression data identified a
GLEA2 transcript of 7-0 kb, which was found in the majority of
glioma, and in all human control tissues. These data suggest that a
GLEAZ2 gene overexpression does not cause the immune response.
However, our study does not address the protein expression
pattern that may be different from the RNA expression pattern.
Without having analysed the protein expression of GLEA?2 using a
specific antibody, a possible link between GLEA2 expression
and immune response cannot be completely ruled out. As for
the nucleotide changes, we did not find differences between the
hepatocellular carcinoma associated antigen and GLEA?2 in the
regions that were homologous between both genes. Another
possibility that has to be discussed as the cause for the
immunogenicity of GLEA2 is a change in the post-translational
modification of the GLEA2 protein. However, we demonstrated
the immune response against GLEA2 using recombinantly
expressed GLEA2 in bacterial cells. Since bacteria do not modify
proteins the same way as higher eukaryotic cells, and since the
patient sera autoantibodies are able to detect the bacterial
expressed proteins, our results do not support this hypothesis. A
very different concept, which explains the induction of the
immune response under a ‘geographical’ view, has been put
forward by Zinkernagel and coworkers [20]. According to this
hypothesis induction of immune reactivity occurs in a dose and
time specific manner. To fulfil these conditions, GLEA2 should
be presented in the draining lymph nodes of the brain (the cervical
lymph nodes) after having been in contact with blood vessels and
the perivascular space in the brain. As astrocytic tumours show an
affected blood brain barrier, presentation of GLEA2 in the
cervical lymph nodes is conceivable.

Since glioblastoma patients have anomalies in the immune
response due to tumour-derived immunosuppressive molecules
like TGF-B, IL-10 and prostaglandins, it would be interesting
whether the humoral response is different in patients prior to and
shortly after tumour removal. In our study blood samples were
only taken prior to surgery and unfortunately we were not able to
analyse blood samples taken shortly after tumour removal. In fact
this question remains speculative since an incomplete resurrection
of glioblastoma multiforme in the prevailing number of cases
further complicates this analysis.

The gene encoding the GLEA2 antigen was mapped on
chromosome 20. Molecular studies indicate at least three genetic
pathways leading to the formation of glioblastoma multiforme.

For none of these pathways, however, do alterations of
chromosome 20 play a pivotal role as concluded from cytogenetic
analysis. Recent comparative genomic hybridization revealed
amplifications on chromosome 20 in glioblastoma (data not
shown). It remains to be seen whether the chromosomal
localization of the GLEA?2 gene coincides with the amplification
unit.

In summary the implications of our study are three-fold. First,
we identified a novel immunoreactive antigen expressed in
glioma. Second, the antigen induced an immune response in
more than 43% of glioma lending this gene for diagnosis and
therapy of glioma. Third, the frequent immune response against
GLEAZ2 protein is likely not to be caused by elevated expression
of GLEA2 gene.
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